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Abstract Objective
To validate the Advanced Scope Trainer (AST; Mediskills, Northampton, UK). The AST is a currently unvalidated simulator, developed for flexible ureterorenoscopy (fURS) training.
This study aims to assess the face, content, construct and concurrent validity to assess the level of transferability of skills to the OR.
Materials and Methods
This prospective, observational and comparative study recruited novices (n=19) and trainees (n=34) with participants performing a diagnostic fURS, followed by removal of a lower pole stone, on the AST. 15 participants performed a fURS on fresh frozen cadavers to assess concurrent validity. Trainees were supervised by expert urologists (n=7) during each procedure. Performance was evaluated using the validated OSATS assessment. Face and content validity were demonstrated by anonymous surveys from participants and faculty.
Results
Face validity assessment revealed that trainees found the simulator was 76% realistic (3.8/5 on a Likert Scale). Laser Stone Fragmentation (4.11±0.85) and Manual stone extraction (4.03±0.85) were thought to be the most realistic components and guidewire insertion (3.14±1.35) the least. Participants also believed the simulator to be useful, giving transferrable skills to take into the OR, demonstrating content validity. Using an OSATS assessment, concurrent validity was demonstrated in 'respect for tissue' (p=0.0105) and 'time & motion' (p=0.0196). Construct validity was also demonstrated when comparing novices to trainees (mean OSATS 10.11±2.28 vs 23.89±5.38).
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INTRODUCTION
Traditionally, surgery has been taught in an apprenticeship style with junior surgeons learning and practising on patients under the supervision of more senior and experienced surgeons [1, 2] . However, with working conditions as well as the nature of surgery itself ever-changing, this traditional form has come into question.
Minimally invasive procedures, in the modern era, have a steep learning curve and many models are being utilised to provide simulation training to postgraduate surgical trainees [3, 4] . The traditional method of 'see one, do one, teach one' is becoming more difficult to implement in an era of the 'Working-Time Directive' and increased time pressures on trainees therefore, simulators are being increasingly used.
Endourology is particularly suited for simulation training given its closed-cavity nature.
Many of the simulators for ureterorenoscopy (URS) have already been validated [5, 6] including the initial Scope Trainer (Mediskills, Northampton, UK) [7] . This model was followed by the Advanced Scope Trainer (AST), which includes new features to better facilitate simulation training such as a clear acrylic cover, the ability to add renal calculi to the model and more realistic anatomical modelling. This bench-top model is currently not validated. This prospective study seeks to demonstrate face, content and concurrent validity of the updated model. 
METHODS

Study design and participants
This prospective, observational and comparative study recruited 60 participants, comprising of 19 medical students, 34 urological trainees, who have performed less than 10 procedures, and 7 senior urologists of consultant/specialist level from where different training sessions were conducted (UK, Austria, Japan and China).
The Advanced Scope Trainer
This model is constructed from high tensile elastomeric silicone and comprises of a distensible bladder, realistic ureteric orifices, two ureters and two kidneys with renal pelvises and calyces encased in a clear acrylic casing. It has been designed to have one distorted ureter and one enlarged kidney with a small calyceal tumour to simulate pathology and more different anatomical variations. The model is set up to enable use either 'dry' or 'wet' with irrigation fluid. Prepared calculi can be inserted (and recharged following destruction via two external ports) for stone fragmentation, using holmium laser.
Study Process
All participants were given an induction with didactic lectures before training on the AST.
Each participant was required to perform a diagnostic flexible ureterenoscopy (fURS) with systematic intrarenal inspection followed by laser fragmentation and/or basket extraction of calyceal stones on the model. Fourteen junior urologists further performed diagnostic fURS using fresh frozen cadavers, to demonstrate concurrent validity. After completion, participants were invited to a structured questionnaire, with demographic information as well as participant experience of the realism, acceptability and feasibility of the model.
Outcome measures
The outcome measures were face, content, construct and concurrent validity of the simulator ( Supplementary Table) . Each participant completed the two tasks and was then assessed by faculty members using the validated Objective Structured Assessment of Technical Skills (OSATS) tool in its respective domains [8] [9] [10] . Construct validity was assessed comparing the performance of novices and residents whilst concurrent validity was assessed comparing the performance on the AST and fresh frozen cadavers. Feasibility, acceptability, face and content validity were assessed using the mentioned quantitative surveys.
Statistical analysis
Statistical analysis was performed using GraphPad Prism 7.03 (La Jolla, CA, USA) and
Microsoft Excel 2016 (Redmond, WA, USA). For the evaluation of concurrent validity, statistical differences between the intervention groups were analyzed using two-tailed Mann-Whitney U-tests with nonparametric data assumed. Statistical significance was assumed at a p-value of <0.05.
RESULTS
Demographics
The participants consisted of 19 novices (medical students), 34 junior urological residents and 7 senior specialists. The junior residents were mostly (n=14) in their third year of urology-specific postgraduate training, with 24% being in their first year of speciality training. They ranged in age between 24 and 50 years old (mean = 31.2).
Face and Content Validity
On a Likert scale (1='Least Useful', 5='Most Useful), most trainees believed the model was overall 76% realistic (3.8/5). Laser stone fragmentation (4.11 ± 0.85) and manual stone extraction (4.03 ± 0.85) were deemed to be the most realistic components and guidewire insertion (3.14 ± 1.35) the least (Figure 2 ). Trainees thought all the components of the tasks to be fairly realistic (meeting the acceptability threshold of 3/5). This was backed up by the expert senior urologists (n=7) considering most of the components to also be realistic.
The majority of participants rated the simulator to be a useful and productive training modality which gave them transferrable skills to take into the operating room (4.18 ± 0.62).
Additionally, when asked if 'Simulation-based training and assessment is essential for patient safety', most strongly agreed (4.31 ± 0.67). When asked regarding how useful the AST was in teaching the components of a ureterenoscopy, once again Laser Stone Fragmentation (mean: 4.07 ± 0.88) and manual stone extraction (4.07 ± 0.83) were thought to be the components the AST was most useful at simulating and stent insertion (3.29 ± 1.13) the least ( Figure 2 ).
Construct and Concurrent Validity
Statistical significance was demonstrated in all seven standardised OSATS domains (p<0.0001 in all). When considering the total score, construct validity was established with the medical students scoring on average 10.11 ± 2.28 whilst the trainee residents scored 23.89 ± 5.38 (p<0.0001) ( Figure 3 ).
Regarding concurrent validity, statistical significance was demonstrated in respect for tissue (mean 3.53/5 vs 4.18, p = 0.0105), time & motion (3.13 vs 3.81, p = 0.0196) as well as instrument handling (3.07 vs 3.64, p = 0.0285) OSATS domains (Figure 3 ).
Educational value
On the qualitative fields of the survey, it was noted that a particular strength of the AST is its ability to enable simulation of fURS using the real instruments rather than simulated instruments. Additionally, the ability to practice laser fragmentation using it was applauded.
However, a noted weakness was the frictions of the model and difficulty in ureteral orifice catheterisation therefore often requiring experts to insert the access sheath before trainees were able to continue with the task.
DISCUSSION
Over the past few decades, the field of surgical simulation and the quality of simulation models has expanded and improved to the point where it is becoming standard in surgical education and training. There is a great variety of procedural simulators and/or models available for urological procedures including for ureterenoscopy [5] , transurethral resection and related laser procedures [6, [11] [12] [13] , laparoscopy [6, 14] and robotic surgery [15, 16] .
The current study employed a robust training and assessment approach to establish face, content, construct and concurrent validity of the AST, with 53 novices and junior urologists undertaking two tasks (diagnostic inspection and simulated urolithiasis). The participants received one-to-one mentoring throughout the tasks from faculty members (n=7).
The face validity questionnaire showed that the AST was realistic (3/5) at simulating all the assessed components of fURS. The instrumentation, laser fragmentation and stone extraction were all identical to those used in real procedures and these proved particularly favourable with candidates, being rated as 78%, 82% and 81% realistic respectively. Participants also found that the simulator was useful, demonstrating content validity and that most thought that simulation provided transferrable skills (4.18/5) and that it's essential for safety (4.31/5).
Additionally, the present study found that the simulator was useful at simulating various components of fURS, especially laser stone fragmentation and stone extraction (81% and 81% realistic respectively). On evaluation of concurrent validity against fresh frozen cadaveric tissue, validity was established for the AST using OSATS, especially in nonsimulator-specific skills such as time & motion and respect for tissue (p<0.05 for both) as well as in instrument handling with no significant differences in the other parameters between the AST and fresh frozen cadavers. Qualitative assessment revealed that stent insertion and ureteric access was difficult on the model, however this may be because one of the ureters is purposefully designed to be tortuous and 'S shaped' in order to simulate difficult anatomical variations; the lower ratings of usefulness and realism for these components of the procedure may be a reflection of this fact. Participants praised the ability to use and simulate real instruments as opposed to simulated instruments in virtual reality models.
Brehmer et al. [7, 17] evaluated the earlier Scope Trainer (Mediskills, Northampton, UK) and found there was no statistical difference between performance of a fURS task on patients and on the simulator as well as no difference between the scoring of senior and junior urologists.
Additionally, they also concluded that participants found the simulator realistic and provided good practice prior to performing procedures on live patients. However, this study only assessed construct validity rather than face or content validity.
Several other models have also been developed and evaluated (Table 1) for fURS training.
Soria et al. [18, 19] determined face, content and construct validity in a study comparing the ETXY-Uro Adam (ProDelphus, Olinda, Brazil) and biological porcine tissue in the teaching of semi-rigid and flexible URS, ureteral orifice catheterisation and urethrocystoscopy. They demonstrated clear face, content and construct validity, with significant differences in performance between first and last sessions (increasing by 43.89%).
The Key-Box (K-Box) is another bench model which consists of a series of boxes with anatomical variations and is designed to practice the specific motions needed to control a flexible ureteroscope. It has demonstrated construct validity [20, 21] with a group of trainees who had been trained on the model, taking significantly less time to complete a set of tasks (manipulation and stone extraction), compared to a non-trained group. This is in addition to a statistically significant difference upon an OSATS assessment in all domains. The only virtual reality simulator available for URS training is the URO-Mentor (Simbionix, Lod, Israel), which has been most thoroughly assessed and validated, demonstrating face, content, construct, concurrent and predictive validity [6] with a LoR of 2. A study by Dolmans et al [26] showed that over 25% of their participants rated the URO Mentor above the acceptability threshold for realism (3.5/5 Likert scale) and 82% for usefulness.
Surgical training using human cadavers has been a crucial part of training for minimally invasive surgery [27] . Ahmed et al [28] conducted a study reviewing the merits of cadaveric simulation and found that cadaveric simulation was vastly more preferred as a mode of training (mean 4.26/5) than other types such as live animals (3.33) and animal tissue (2.78).
More than 70% of participants rated it as useful (above 4/5) and proved to be useful for teaching anatomy, as well as operative skills useful for both open and endoscopic procedures in addition to enhancing confidence in performing operations.
To improve the current model, the present study recommends slightly less stronglypathological anatomy to facilitate the training of more junior trainees as well as a more robust collecting system, as numerous participants complained of leakages and difficulty in maintaining water flow in the model.
The present study had a number of limitations. Intermediate participants varied in levels of experience in fURS and ideally face and content validity would include more experts (n=7) who are particularly proficient in fURS and therefore able to assess the realism and usefulness of the simulator. Furthermore, more data and a larger number of participants (both junior and senior urologists) is needed to come to a more reliable conclusion on the overall validity of the simulator. Finally, a learning curve study should be conducted to assess progress made using the simulator.
CONCLUSION
This study has demonstrated face, content, construct and concurrent validity of the Advanced Scope Trainer for fURS training despite reported limitations in ureteral orifice catheterisation. Further evaluation is necessary to compare its effectiveness against other available models and demonstrate the predictive validity of skills gained using the model. Figure 1 . The Advanced Scope Trainer (Mediskills, Northampton, UK) in use. 
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